An investigation was conducted to identify the structures and bioactive properties of five compounds isolated from the Halichondrida sponges Amorphinopsis foetida and Axinyssa aplysinoides. All compounds possessed the spiro-axane sesquiterepene core and all were substituted at C-2 with nitrogen containing functionality. The stereochemistry of one known compound has been revised to (2R,5R,10S)-2-formamido-6-axene (3). It exhibited mild selective solid tumor and mild antibacterial activity and was found from Axinyssa. A second known substance whose stereochemistry has also been revised, (2R,5R,10S)-2-isothiocyanato-6-axene (4) plus its undescribed diastereomer (5) were isolated from Amorphinopsis. Both sponges were the source of two new N-phenethyl-2-formamido-6-axene diastereomeric compounds (6) and (7). No solid tumor or antibacterial activity was found for 4 -7.
Introduction
The strategy of using an in vitro cell-based assay to identify solid tumor selectivity 1 continues to be a robust tool in our quest to investigate unusual constituents of Indo-Pacific sponges. 2 The stimulus for this work was the in vitro solid tumor selectivity observed for extracts of two Indo-Pacific sponges belonging to different genera but in the same family consisting of Amorphinopsis foetida 3 (Order Halichondrida, family Halichondriidae) obtained from Papua New Guinea and Axinyssa aplysinoides 4 collected from Vanuatu. 5 The parallel bioactivity pattern we observed suggested that similar metabolites might be present in both sponges. Nitrogen containing terpenes, which often possess many structural variants, are commonly isolated from sponges of the Order Halichondrida and are exemplified by compounds containing isocyanide, isothiocyanate, thiocyanate, and formamide moieties. 6 Our pursuit to pinpoint the major constituents of A. foetida and A. aplysinoides became of priority when preliminary data was obtained indicating that nitrogenous spiroaxane sesquiterpene metabolites were to be isolated. The current literature shows fifteen sponge or nudibranch derived spiro-axane compounds of general structure A divided between fourteen substituted with N-functionality and one with an OH group. 6, 7 While the dereplication of a spiro-axane skeleton is now relatively straightforward, defining the configuration at each of the possible chiral centers (C-2, C-5, C-7 and C-10) as well as the sites for nitrogen attachement (C-1, C-2 or C-6) can be more difficult. There are two sponge derived compounds that provide important stereostructural templates for the members of this series and these are (+)-axisonitrile-3 (1) 8 and (+)-exiguamide (2), possible for this series. Thus, the major challenge we faced was to determine the substitution pattern and absolute configurations for each of the compounds isolated.
Described below are properties of five compounds obtained including the known substances, 2-formamido-6-axene (3), and 2-isothiocyanato-6-axene (4), 10 its undescribed diastereomer 5, and a set of new diastereomeric compounds, N-phenethyl-2-formamido-6-axenes 6 and 7. 
Results and Discussion
The extracts of A. aplysinoides (coll. no. 03411, Vanuatu) were investigated first as the preliminary data from the disk diffusion solid tumor whole cell assays fit the profile for C38 selectivity. Two semi-pure fractions (see Figure S1 in Supporting Information) were selected for the isolation work and these include the hexane soluble fraction (coded as XFH) and the dichloromethane crude extract (coded as XFD).
Reversed-phase HPLC on the XFD afforded known 3 10 whose NMR spectra contained doubled peaks ascribed to a mixture of amide rotamers in ratio of 6:4 as observed by 1 Further HPLC purification afforded small quantities of 6 and 7 (~ 0.5 mg each) presumed to have a spiro-axane core but, by NMR, without multiple rotameric forms. Their structures were elucidated after re-isolation of more material as described below.
The sponge A. foetida (coll. no. 00381, Papua New Guinea) was examined next and the focus was on the butanol partition fraction of the crude extract, coded as WB (see Figure S2 in Supporting Information). The preliminary data from the disk diffusion solid tumor whole cell assay on WB also exhibited a profile indicative of C38 selectivity. Table 1 , were also extremely similar. Two-dimensional NMR data for 5 including gCOSY, gHMQC, and gHMBC (Table 1) of 5. First, a reasonable assumption of 10S chirality was assigned for both 4 and 5 based on biosynthetic analogy to this absolute stereochemistry rigorously assigned to both (+)-axisonitrile 3 (1) 8 and (+)-exiguamide (2). 9 Second, on reexamining the argument for the previous assignment of the 2R*,5R*,10R* configuration proposed for 4, 10 based primarily on NOE data, it was clear that other plausible arrangements had not been ruled out. The four possibilities we envisioned consisted of 2S, 5S, 10S; 2R, 5R, 10S; 2R, 5S, 10S; or 2S, 5R, 10S. An NOE correlation we observed for 4 from H-6 to H 3 -14, shown in Figure 1 , can be used to rule out the latter two. Consistent with the literature, 10 we observed other key NOE enhancements ( With the stereochemistry of 4 defined above, there were now three possibilities to be considered for 5: 2S, 5S, 10S; 2S, 5R, 10S; or 2R, 5S, 10S. The important NOE correlation observed in 4 from H-6 to H 3 -14 was not in the data set for 5, which allowed elimination of the first possibility listed above. In parallel to the situation with 4, all of the additional NOE data collected for 5 was consistent with the two remaining possibilities. These data included NOE enhancements from H-6 to H-1 a (δ 1.98) and H-4 b (δ 1.63), indicating these atoms were on the same molecular face. Also important to note is in 4 the NOE from H-6 was to H-1 b (δ 1.68), indicating that the isothiocyanate and methyl groups at C-2 are on opposite sides of the five-membered ring than was determined for 4. Subsequently, the changes in the relative shifts of the diastereotopic protons at C-1 and the differences in their NOE correlations to H-6 in 4 vs. 5 gave indications to which side of the molecule these atoms were on, however, they were not of real diagnostic value in determining R or S stereochemistry for the C-2/C-5 positions.
Identical synthetic modifications performed on 4 were carried out on 5, however, overlapping signals and low yields precluded the necessary and extensive NOE analysis of the product. C NMR data between of 6 (shown in Table 2 ) and 10 indicated that the phenethyl urea side chain was also present in the former. The remaining NMR signals were also consistent with the presence of a spiro-axane sesquiterpene residue with the nitrogenous group attached at C-2, as seen in 3 -5. The elements of the gross structure shown were further confirmed from gCOSY and gHMBC correlations. C shifts were identical to those observed for 6 (Table 2) . Minor but significant differences were observed for the 1 H NMR shifts of 7 vs. 6 for H-3, H-4, H-8 and H-9. Thus, it was clear that 6 and 7 were diastereomers probably differing in the configuration at C-2 and/or C-5. The results of 1D NOE
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experiments were used to provisionally rule out two of the four stereoiosmer possibilities.
For example, an NOE enhancement at H 3 -14 was found when irradiating the vinylic H-6 for 7, indicating H 3 -14 and H-6 were on the same side of the molecule. This was consistent with 2S, 5S, 10S or 2R, 5R, 10S configuration. Conversely, irradiation of H-6 on 6 showed no enhancement to H 3 -14, which by analogy to the arguments above for 5 was also consistent both the preceding assignments. The combination of bioactivity and LCMS screening was the key factor that allowed us to interrelate the parallel chemistry from two distantly related Indo Pacific sponges.
This came through the isolation of sesquiterpenes 3, 6, and 7 from A. aplysinoides vs. 4, 5, 6, and 7 obtained from A. foetida. The observation of diastereomeric pairs (4/5 and 6/7) adds another element of distinctiveness to this study. Others have noted the difficulties we encountered in defining the compound(s) responsible for the solid tumor selectivity of the initial extract, which eventually yielded nitrogenous sesquiterpenes. also problematic in the study of antimitotic compounds from another collection of this same species. 13 Our search for the potent cytotoxins from these sponges is continuing, and it is clear that 3 was only mildly solid tumor selective while it also exhibited mild antibacterial activity against Staphylococcus epidermitis (ATTC no. 12228), and
Enterococcus durans (ATTC no. 11576) with MIC's of 0.1 mg/mL, and 0.1 mg/mL respectively. Finally, no antibacterial activity was found for 4 -7.
Experimental Section
Animal Material. The sponge Amorphinopsis foetida (coll. no. 00381) was collected in was extracted using the ASE to give three fractions. The procedure for extraction with the ASE is as follows. The preserved sponge allowed to air dry (~ 48 h). After this, the sponge was dissected into small pieces and partitioned using the ASE by first extracting with hexanes (3×), then with CH 2 Cl 2 (3×) and finally with MeOH (3×). The CH 2 Cl 2 fraction (XFD) (780 mg) was subjected to preparative reversed-phase HPLC (49:50:1 acetonitrile:water:isopropanol to 99:1 acetonitrile:isopropanol) to yield 11 fractions.
Fraction 6 yielded compound 3 (78 mg). Fraction 8 (32 mg) was further purified using reversed-phase semi-preparative HPLC (isocratic 75:35 acetonitrile:water both with 0.1% formic acid) to yield 20 fractions. H7 contained compound 3 (24 mg), H10 contained 6 (0.6 mg), and H11 contained 7 (1.0 mg).
The Papua New Guinean sponge (coll. no. 00381, 1.5 kg wet wt) was extracted using a Kupchan style solvent partition method. The field preserved sponge was first extracted with MeOH (3×). The resulting oil was then partitioned between water and CH 2 Cl 2 . The aqueous layer was extracted with butanol and the butanol layer was evaporated in vacuo to yield a brown gum. The gum was subjected to reversed-phase HPLC using a gradient solvent system of 10:90 methanol:water to 100% methanol over 60 min to afford fifteen fractions (H1 -H15). Fraction H7 (24.7 mg) was run on HPLC resulting in five fractions.
The fourth fraction (H7H4) contained a mixture of both 6 and 7. Fraction H7H4 was subjected to a shallow gradient HPLC run resulting in 6 (5.2 mg) and 7 (6.3 mg) in pure form. Fraction H12 from the crude WB was run on HPLC to yield 4 (7.0 mg) and 5 (5.5 mg 141.8 (C-7), 126.9 (C-6), 65.7 , 50.9, 46.3, 37.3, 36.5, 35.0, 33.7, 27.9, 27.6, 23.7, 23.4, 21.6 (C-12 or C-13) 
